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(54) Controlling apparatus for a hybrid car 

(57) The invention provides a controlling apparatus 
for a hybrid car by which it can be arbitrarily selected 
depending upon a need of a driver whether hybrid run- 
ning should be running principally with an engine or run- 
ning principally with a generator-motor. 

To achieve this, a controlling apparatus for a hybrid 
car which comprises management control means 120 



which includes battery charge amount setting means 
121, aimed rear wheel output power setting means 1 22, 
engine aimed output power calculation means 123, 
throttle aimed opening setting means 124, and mode 
discrimination means 125. 
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Description 

[0001 ] This invention relates to a controlling api^aratus 
for a hybrid car provided with an internal combustion 
engine and electric driving means. 
[0002] A controlling apparatus for a conventional 
hybrid car wherein an operation amount of an accelera- 
tor pedal by a driver during running of the vehicle is 
detected by an accelerator sensor and an engine torque 
is calculated from a throttle opening based on the detec- 
tion signal and an engine revolution number based on a 
signal detected by a pulser provided on a crankshaft of 
an engine, and regeneration current of a motor is calcu- 
lated so that, when the calculated torque is lower than a 
fuel consumption optimum torque upon the revolution 
number, the throttle opening may be increased by a dif- 
ference between them and a torque corresponding to 
the difference may be generated to control the engine 
and the motor Is disclosed in the official gazette of Jap- 
anese Patent Laid-Open Application No. Heisei 5- 
22931. 

[0003] Since the conventional hybrid car employs a 
controlling method wherein the two different power 
sources of the engine and the motor are combined and 
a driving output torque and/or a revolution number of 
each of the power sources are calculated, and calcula- 
tion is performed based on the detected signals to com- 
pensate for a torque difference based on a result of the 
calculation or change over between the two different 
power sources depending upon the vehicle speed or the 
like, it has such subjects as described below. 
[0004] The conventional hybrid car has a subject in 
that, where the opening degree of the throttle is control- 
led based on a signal from the accelerator sensor and 
the revolution number signal of the engine to attain a 
torque requested by a driver, the output torque amount 
of the engine is different depending upon the condition 
in which the engine is used such as whether it is cold or 
hot. an individual difference of the engine and so forth, 
by which the running driving torque amount with respect 
to the accelerator is varied. 

[0005] The conventional hybrid car has another sub- 
ject in that, by control based merely on signals of the 
accelerator sensor and the engine revolution number, 
with the two power sources of different characteristics of 
the engine which has a long response time until a 
required torque is reached and exhibits a moderate 
startup and the motor which has a short response time 
and exhibits a rapid startup, the running driving force is 
discontinuous and lacks in smoothness. 
[0006] The conventional hybrid car has a further sub- 
ject in that, where a torque is to be detected from a driv- 
ing power outputting element of each of the two power 
sources of the engine and the motor, when the use con- 
dition is cold, torque calculations for the engine which 
exhibits a large torque variation and the motor which 
exhibits a small torque variation must be processed at a 
time. 
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[0007] Where torque sensors are used individually for 
the driving power outputting elements of the two power 
sources of the engine and the motor, the conventional 
hybrid car has a still further subject in increase of the 
5 number of parts, an increase of a mounting space and 
so forth. 

[0008] Meanwhile, a controlling apparatus for a hybrid 
car as set forth in claim 1 is characterized in that it com- 
prises aimed torque calculation means for calculating 

10 an aimed torque based on an accelerator operation 
amount signal from an accelerator sensor for detecting 
an accelerator operation amount of a driver and a vehi- 
cle speed signal from a vehicle speed sensor for detect- 
ing a speed of the vehicle, and torque detection means 

15 provided at or downstream of a joining portion of driving 
output power of an engine and a generator-motor for 
detecting an actual torque, and the engine includes 
aimed opening means for calculating an aimed opening 
based on an aimed torque signal and an engine revolu- 

20 tion signal and is controlled based on an aimed opening 
signal from the aimed opening means while the genera- 
tor-motor is controlled based on the aimed torque signal 
and an actual torque signal. 

[0009] With the controlling apparatus for a hybrid car 

25 according to daim 1, since the engine includes the 
aimed opening means for calculating an aimed opening 
based on the aimed torque signal and the engine revo- 
lution signal and is controlled k>ased on the aimed open- 
ing signal from the aimed opening means while the 

30 generator-motor is controlled based on the aimed 
torque signal and an actual torque signal, a linearity of 
the running driving torque can be obtained. Further, 
without using torque sensors individually for the power 
sources, reduction in cost can be performed. 

35 [001 0] Further, a controlling apparatus for a hybrid car 
as set forth in claim 2 is characterized in that the engine 
includes a throttle, a pulser for detecting a number of 
revolutions, engine revolution number detection means 
for detecting a number of revolutions of the engine from 

40 the pulser. and aimed opening calculation means for 
calculating an opening of the throttle, and calculates, 
based on the aimed torque signal and the engine revo- 
lution number signal, a throttle opening, based on which 
a fuel injection amount is controlled, while the genera- 

45 tor-motor includes a generator for generating regenera- 
tion current by rotation from the drive shaft, and motor 
control means for controlling a motor based on the 
aimed torque signal and the actual torque signal, and 
driving of the generator-motor is controlled based on a 

50 driving control signal from the motor controlling means. 
[001 1 ] With the controlling apparatus for a hybrid car 
according to claim 2, since the engine calculates, based 
on the aimed torque signal and the engine revolution 
number signal, a throttle opening, based on which the 

55 fuel injection amount is controlled, while the generator- 
motor includes a generator for generating regeneration 
current by rotation from the drive shaft, and motor con- 
trol means for controlling a motor based on the aimed 
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torque signal and the actual torque signal, and driving of 
the generator-motor is controlled based on a driving 
control signal from the motor controlling means, a line- 
arity of the running driving torque which has a short 
response time and is quick can be obtained. 5 
[001 2] Meanwhile, a controlling apparatus for a hybrid 
car as set forth in claim 3 is characterized in that it com- 
prises assist discrimination means for additionally using 
or changing over the driving output power of the gener- 
ata-motor in response to the driving output power of the 10 
engine. 

[001 3] With the controlling apparatus for a hybrid car 
according to claim 3, since it comprises the assist dis- 
crimination means for additionally using or changing 
over the driving output power of the generator-motor in is 
response to the driving output power of the engine, even 
during regeneration control, the running driving torque 
which exhibits a short response time and is quick can be 
kept stably. 

[0014] The invention refers further to a controlling 20 
apparatus for a hybrid car which controls driving of an 
engine and driving of a generator-motor connected to a 
crankshaft of said engine or a driving wheel for output- 
ting running driving force with power supplied from a 
battery, characterized In that 2s 

driving of said engine and said generator-motor is 
controlled changing over between a full automatic 
mode in which said engine is started at a predeter- 
mined timing in response to a vehicle speed and a 
throttle opening and a semi-automatic mode in 
which driving of said engine is started at a timing 
longer than the predetermined timing by a changing 
over operation of a mode switch. 

[001 5] Since the controlling apparatus for a hybrid car 
controls driving of the engine and the generator-motor 
by discriminating the full automatic OKXle and the semi- 
automatic mode by a changing over operation of the 
mode switch, running principally with the engine and 
running principally with the EV (generator-motor) are 
possible. 

[001 6] Accordingly, any of the running modes can be 
selected arbitrarily in accordance with a characteristic of 
a district in which the car is running or an object of the 
driver, and a good system as a hybrid vehicle can be 
provided. 

[0017] Embodiments of the present invention are 
described below with refer^ce to the accompanying 
drawings. It is to be noted that the drawings should each 
be viewed in the direction of reference symbols. 

FIG. 1 is a side elevational view of a hybrid car 
according to the present invention. 

FIG. 2 is a side elevational view of a driving system 
unit of the hybrid car according to the present inven- 
tion. 



FIG. 3 is a sectional view of a driving force trans- 
mission apparatus of the hybrid car according to the 
present invention. 

FIG. 4 is a sectional view of an engine of the hybrid 
car according to the present invention. 

FIG. 5 is a diagram illustrating first operation of the 
driving force transmission apparatus according to 
the present invention. 

FIG. 6 is a diagram illustrating second operation of 
the driving force transmission apparatus according 
to the present invention. 

FIG. 7 is a diagram illustrating third operation of the 
driving force transmission apparatus according to 
the present invention. 

FIG. 8 is a sectional view of a torque sensor unit of 
the driving force transmission apparatus according 
to the present invention. 

FIG. 9 is a diagram illustrating operation of tiie 
torque sensor unit according to the present inven- 
tion. 



FIG. 16 is a diagram illustrating a relationship 
among an aimed current signal, a motor current 
detection signal and an oscillation control signal 
according to the present Invention. 

FIG. 17 is a flow chart of operation of torque feed- 
back control means and mode control means. 



FIG. 10 is a block diagram of an entire construction 
of a form of a hyt)rid car according to tiie present 
30 invention. 

FIG. 11 is a block diagram of a construction of 
essential part of a form of management control 
means of tiie motor controlling apparatus for a 
35 hylxid car according to the present invention. 

FIG. 12 is a diagram illustrating a mode changeover 
switch. 

40 FIG. 13 is a diagram Illustrating driving regions of 
an engine and a motor in the hybrid car according 
to the present invention. 

FIG. 14 is a block diagram of a construction of 
45 essential part of a form of motor corrtrol means of 
the motor controlling apparatus for a hybrid car 
according to the present invention. 

FIG. 15 is a circuit diagram of driving means 
so according to the present invention. 
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FIG. 18 is a flow chart of discrimination among a 
driving logic mode, a lead angle mode and a regen- 
eration logic mode. 

FIG. 1 9 illustrates a motor torque characteristic with s 
respect to a lead angle value of the motor. 

FIG. 20 is a waveform diagram of three-phase driv- 
ing signals of the driving means. 

10 

FIG. 21 is a flow chart of operation of the manage- 
ment control means. 

FIG. 22 is a diagram of ON/OFF discrimination of 
the engine. is 

FIG. 23 is a characteristic diagram of a battery 
remaining amount and a throttle opening (accelera- 
tor opening) threshold value. 

20 

FIG. 24 is a diagram of ON/OFF discrimination of 
the engine. 

FIG. 25 is another diagram illustrating driving 
regions of the engine and the motor of the hybrid 25 
car according to the present invention. 

FIG. 26 is a flow chart of operation of cunrent/torque 
feedback control means. 

30 

FIG. 27 is a block diagram of a construction of 
essential part of a form of current feedback control 
means according to the present Invention. 

FIG. 28 is a block diagram of a construction of 35 
essential part of a form of torque feedback control 
means according to the present invention. 

FIG. 29 is a waveform diagram of a duty pulse. 

40 

FIG. 30 is a diagram of a basic concept of control of 
the motor controlling apparatus for a hybrid car 
according to the present invention. 

FIG. 31 is a block diagram of a controlling appara- 45 
tus for a hybrid car according to claim 1 . 

FIG. 32 is a block diagram of a controlling appara- 
tus for a hybrid car according to claim 2. 

so 

FIG. 33 is a block diagram of essential part of assist 
discrimination means of a controlling apparatus for 
a hybrid car according to daim 3. 

FIG. 34 is a characteristic diagram corresponding 55 
to an accelerator signal A and a vehicle speed sig- 
nal V. 



FIG. 35 is a characteristic diagram corresponding 
to an engine revolution number signal N and an 
engine requested torque signal Tt. 

FIG. 36 is a control flow chart of torque amount 
feedback according to the present invention. 

[0018] FIG. 1 is a side elevational view of a hybrid car 
according to the present invention. 
[0019] The hybrid car 1 includes a body frame 2, a 
body 3 mounted on the body frame 2, a front cover 4 
extending upwardly from a front portion of a central por- 
tion of the body 3, a center pillar 5 extending upwardly 
from a rear portion of a central portton of the body 3, a 
transparent roof 6 extending from an end of the center 
pillar 5 to the front cover 4, side protectors 7, 7 (7 in the 
interior is omitted) mounted on the opposite sides of the 
center pillar 5, a front bumper 8 provided on a front face 
of the body 3. a radiator grill 9 provided immediately 
reanA/ardly of the front bumper 8, a driver's seat 11 
mounted in the inside of the center of the body 3, a rear 
bumper 1 2 provided at a rear portion of the body 3, front 
wheels 13, 13 (13 in the interior is omitted) mounted on 
the body frame 2, rear wheels 14. 14 as driving wheels 
mounted on the body frame 2. side mirrors 16, 16 (16 in 
the interior is omitted) provided on the opposite sides of 
the transparent roof 6. lamps 17, 17 provided on the 
opposite sides of the front cover 4, a steering wheel 18 
provkJed at the center of the body 3, a radiator 19 
mounted reanwardly of the radiator grill 9, batteries ... 21 
(... denotes a plural number. This similarly applies to the 
following description.) mounted at a central portion of 
the body frame 2. a control unit 22 disposed below the 
driver's seat 11, and a driving system unit 30 carried at 
a rear portion of the body frame 2. Reference symbol M 
denotes a driver. 

[0020] It is to be noted that reference symbol 3a 
denotes a front deck portion and 3b denotes a rear deck 
portion, and a person can ride on the deck portions 3a. 
3b and can enter to the driver's seat 1 1 readily from for- 
wardly and from reanwardly through the deck portions 
3a, 3b. 

[0021] FIG. 2 is a side elevational view of the driving 
system unit of the hybrid car according to the present 
invention and shows principal components of the driving 
system unit 30. 

[0022] In particular, reference symbol 31 denotes a 
fuel tanK 32 a fuel pump, 33 an air cleaner, 34 a throttle 
pulley, 35 a servo motor, 36a an additional supplying 
injector. 36b a main Injector, 37 a cam shaft, 38 a 
mechanical pump which rotates integrally with the cam 
shaft 37, 39 a head cover, 41 a cylinder block, 42 a cyl- 
inder head. 43 a motor as a generator-motor, 44 an 
exhaust pipe, 45 a metal catalyzer, 46 a muffler, 47 a tail 
pipe, 48 a cone-type non-stage transmission as a trans- 
mission, 49 a pivot shaft, 51 a rear axle, 52 a non-stage 
transmission shaft, 53 a motor shaft as a driving force 
joining point, 54 a crankshaft, 56 a sel-motor, and 57 an 
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intake manifold. 

[0023] FIG. 3 is a sectional view of a driving force 
transmission apparatus of the hybrid car according to 
the present invention. 

[0024] The driving force transmission apparatus 60 of 
the hybrid car 1 (refer to FIG. 1) includes an engine 61, 
an inner member 62a of a centrifugal clutch 62 mounted 
on the crankshaft 54 of the engine 61 , an outer member 
62b of the centrifugal clutch 62 with and from which the 
inner member 62a is engaged and disengaged, the 
cone-type non-stage transmission 48 connected to the 
outer member 62b through a torque limiter 63, a first 
transmission gear 66 connected to the cone-type non- 
stage transmission 48 through a one-way clutch 65, the 
motor 43 for driving the hybrid car 1 (refer to FIG. 1) 
together with the engine 61 . the motor shaft 53 which 
serves as a joining point of driving forces, a second 
transmission gear 67 mounted on the motor shaft 53 
and held in meshing engagement with the first transmis- 
sion gear 66, an engine side first helical gear 68 and a 
motor side first helical gear 69 mounted on the motor 
shaft 53. an engine side second helical gear 71 and a 
motor side second helical gear 72 held in meshing 
engagement with the gears 68, 69, respectively, a coun- 
tershaft 73 for supporting the gears 71, 72, pressure 
sensors 74a, 74b (refer to FIG. 8) mounted at the oppo- 
site ends of the countershaft 73, an output gear 75 
mounted on the countershaft 73, a propeller shaft 76 
connected to the output gear 75. the rear axle 51 con- 
nected to the propeller shaft 76 through a differential 
gear 78, and the rear wheels 14 (refer to FIG. 1) 
mounted on the rear axle 51 . 
[0025] The sel-motor 56 rotates the crankshaft 54 
connected to a motor shaft 56a thereof through a belt 
79, a chain 81 and a one-way clutch 82. 
[0026] FIG. 4 is a sectional view of the engine of the 
hybrid car according to the present invention. 
[0027] The engine 61 includes the cylinder block 41 , a 
piston 83 fitted for back and forth movement in the cylin- 
der block 41 , a connecting rod 84 on which the piston 83 
is mounted, the cylinder head 42 fitted on the cylinder 
block 41, an intake auxiliary valve 84 and an exhaust 
valve 85 provided on the cylinder head 42, and a spark 
plug 86 mounted on the cylinder head 42, and includes 
the mechanical pump 38 which rotates coaxially with 
the camshaft 37. It Is to be noted that reference symbol 
37a denotes a cam chain, and 37b denotes a cam 
sprocket wheel. 

[0028] By adjusting the throttle pulley 34 through the 
control unit 22 and the servo motor 35 by an opening of 
an accelerator 87. the supply amount of fuel air mixture 
is adjusted to control the output power of the engine 61 . 
[0029] During running only with the motor, if a request 
for the engine output power is issued when the acceler- 
ator 87 is open, the throttle pulley 34 is tightened by the 
servo motor 35 irrespective of the accelerator opening 
to make the starting of the engine 61 better. 
[0030] Meanwhile, part of the fuel air mixture supplied 



from the injector 36a is branched from the intake mani- 
fold 37 and additionally supplied by the mechanical 
pump 38 so as to be injected into the cylinder block 41 
from the intake auxiliary valve 84 immediately prior to 
5 ignition to augment the engine output power. 

[0031] Operation of the driving force transmission 
apparatus 60 of the hybrid car 1 (refer to FIG. 1) 
described above is described with reference to FIGS. 5 
to 7. 

10 [0032] (a), (b) of FIG. 5 are diagrammatic views of first 
operation of the driving force transmission apparatus 
according to the present invention. 
[0033] (a) of FIG. 5 illustrates a case wherein the rear 
wheels 14 are driven by a joined force of the engine 61 

IS and the motor 43. 

[0034] The engine 61 drives the rear wheels 14 
through the inner member 62a of the centrifugal clutch 
62, outer member 62a, cone-type non-stage transmis- 
sion 48, one-way clutch 65, first transmission gear 66, 

20 second transmission gear 67 and engine side first heli- 
cal gear 68 mounted on the motor shaft 53 which makes 
a joining point with the driving force of the motor 43, 
engine side second helical gear 69, output gear 75, pro- 
peller shaft 76, differential gear 78 and rear axle 51 in 

25 this ader as indicated by an arrow mark 0. 

[0035] Meanwhile, the motor 43 drives the rear wheels 
14 through the motor shaft 53, motor side first helical 
gear 69, motor side second helical gear 72, output gear 
75, propeller shaft 76, differential gear 78 and rear axle 

30 51 in this order as indicated by an arrow mark (g). 
[0036] The driving force of the engine 61 and the driv- 
ing force of the motor 43 are joined together at the 
motor shaft 53. 

[0037] When the hybrid car 1 is to be started with the 

S5 engine 61 , the torque can be transmitted gradually and 
smoothly through the centrifugal clutch 62 to start the 
hybrid car 1 (refer to FIG. 1). 
[9038] Since the centrifugal clutch 62 is disposed in a 
stage preceding to the cone-type non-stage transmis- 

40 sion 48. it may have a smaller clutch capacity than 
where it is disposed in a stage next to the cone-type 
non-stage transmission 48. On the contrary, as viewed 
from the cone-type non-stage transmission 48 side, 
since it need not receive an excessive torque of the 

45 engine 61 directly also protection of the cone-type non- 
stage transmission 48 can be anticipated. Particularly 
where the clutch employed is of the wet type, since the 
contacting pressure is reduced, if the centrifugal clutch 
62 is disposed in a stage following the cone-type non- 

50 stage transmission 48. then a large clutch capacity is 
required and the apparatus becomes large in size. 
[0039] Since the cone-type non-stage transmission 48 
is connected to the outer member 62b of the centrifugal 
clutch 62 through the torque limiter 63, the engine 61 

55 need not receive back torque from the rear wheels 1 4. 
[0040] (b) of FIG. 5 illustrates a case wherein the rear 
wheels 14 are driven only with the motor 43. 
[0041 ] The motor 43 drives the rear wheels 1 4 through 
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the motor shaft 53, motor side first helical gear 69, 
motor side second helical gear 72, output gear 75. pro- 
peller shaft 76, differential gear 78, and rear axle 51 in 
this order as indicated by an arrow mark ®. 
[0042] Since the engine 61 is stopped, the one-way 
clutch 65 is put into an open condition. 
[0043] Since the one-way clutch 65 is disposed imme- 
diately prior to the joining point with the driving force of 
the motor 48, when the rear wheels 14 are driven only 
with the motor 43, the cone-type non-stage transmis- 
sion 48, the outer member 62b of the centrifugal dutch 
62 and so forth which serve as the load side are not 
rotated together at all. Accordingly, the consumption of 
the batteries 21 can be saved, and a longer operation 
time can be secured. 

[0044] (a), (b) of FIG. 6 are diagrammatic views of 
second operation of the driving power transmission 
apparatus according to the present invention. 
[0045] (a) of FIG. 6 illustrates a case wherein the rear 
wheels 14 are driven only with the engine 61 . 
[0046] The engine 61 drives the motor shaft 53 
through the inner member 62a of the centrifugal clutch 
62, outer member 62a, cone-type non-stage transmis* 
sion 48, one-way clutch 65, first transmission gear 66, 
and second transmission gear 67 in this order as indi- 
cated by an arrow mark @. In other words, the motor 43 
can be caused to act as a generator to charge the bat- 
teries 21 (refer to FIG. 1). 

[0047] Further, the engine 61 drives the rear wheels 
14 through the engine side first helical gear 68, engine 
side second helical gear 71, output gear 75, propeller 
shaft 76. differential gear 78, and rear axle 51 in this 
order as indicated by an an^ow mark (g). 
[0048] (b) of FIG. 6 illustrates a case wherein the 
hybrid car 1 (refer to FIG. 1) is driven to run backwardly 
with the motor 43. 

[0049] The motor 43 is driven to rotate reversely and 
the reverse rotation Is transmitted to the rear wheels 14 
through the motor shaft 53, motor side first helical gear 
69, motor side second helical gear 72. output gear 75, 
propeller shaft 76, differential gear 78, and rear axle 51 
in this order as indicated by an an-ow mark • to 
reversely rotate the rear wheels 14. 
[0050] Since the motor 43 rotates reversely while the 
engine 61 is stopped, the one-way clutch 65 is con- 
nected and the driving force of the motor 43 is transmit- 
ted up to the cone-type non-stage transmission 48 and 
the outer member 62b of the centrifugal clutch 62 as 
indicated by an arrow mark • , but the engine 61 is not 
rotated together due to the presence of the centrifugal 
clutch 62. 

[0051] FIG. 7 is a diagrammatic view illustrating third 
operation of the driving power transmission apparatus 
according to the present invention, and illustrates a flow 
of driving force upon deceleration of the hybrid car 1 
(refer to FIG. 1). 

[0052] Upon deceleration of the hybrid car 1 (refer to 
FIG. 1), driving force is transmitted to the motor 43 



through the rear wheels 14, rear axle 51, differential 
gear 78, propeller shaft 76, motor side second helical 
gear 72, motor side first helical gear 69, and motor shaft 
53 in this order as Indicated by an an^ow mark • , and 

5 the motor 43 acts as a generator. In this instance, since 
the one-way clutch 65 is put into an open condition, the 
driving force upon deceleration can be transmitted 
effectively to the motor 43 and the batteries 21 (refer to 
FIG. 1)can be charged. 

10 [0053] FIG. 8 is a sectional view of the torque sensor 
unit of the driving force transmission apparatus accord- 
ing to the present invention. 

[0054] The torque sensor unit 88 includes the counter- 
shaft 73, the pressure sensors 74a, 74b mounted at the 

15 opposite ends of the countershaft 73, the engine side 
second helical gear 71 and the motor side second heli- 
cal gear 72 mounted on the countershaft 73, and the 
engine side first helical gear 68 and the motor side first 
helical gear 69 held in meshing engagement with the 

20 gears 71, 72, respectively, all described hereinabove, 
and operation of the torque sensor unit 88 is described 
below with the following figure. 
[0055] (a), (b) of FIG. 9 are diagrammatic views illus- 
trating operation of the torque sensor unit 88 according 

25 to the present invention. 

[0056] (a) of FIG. 9 illustrates operation of the torque 
sensor unit 88 upon acceleration. 
[0057] Upon acceleration, driving force is transmitted 
from the engine 61 (refer to FIG. 3) or the motor 43 side 

30 to the rear wheels 14. In particular, since the engine 
side first helical gear 68 and the motor side first helical 
gear 69 serve as the driving side while the engine side 
second helical gear 71 and the motor side second heli- 
cal gear 72 serve as driven side, the gears 71 , 72 cause 

35 the countershaft 73 to generate a stress Fa as Indicated 
by an arrow mark a. This stress Fa is detected by the 
pressure sensor 74a. 

[0058] (b) of FIG. 9 illustrates operation of the torque 
sensor unit 88 upon deceleration. 

40 [0059] Upon deceleration, driving force is transmitted 
from the rear wheels 14 side to the motor 43 side. In 
particular, since the engine side second helical gear 71 
and the motor side second helical gear 72 serve as the 
driving side while the engine side first helical gear 68 

45 and the motor side first helical gear 69 serve as driven 
side, the gears 68. 69 cause the countershaft 73 to gen- 
erate a stress Fb as indicated by an arrow mark b. This 
stress Fb is detected by the pressure sensor 74b. 
[0060] In particular, by detecting the magnitude and 

50 the direction of transmission of driving force by the pres- 
sure sensors 74a, 74b and using them for feedback 
control such that the driving forces of the engine 61 and 
the motor 43 (refer to FIG. 2) which are driving sources 
are combined, the hybrid car 1 (refer to FIG. 1) can be 

55 driven efficiently. 

[0061 ] Since the torque sensor unit 88 is composed of 
the countershaft 73, pressure sensors 74a, 74b 
mounted at the opposite ends of the countershaft 73. 
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engine side second lielical gear 71 and motor side sec- 
ond helical gear 72 mounted on the countershaft 73, 
and engine side first helical gear 68 and motor side first 
helical gear 69 held in meshing engagement with the 
gears 71, 72. respectively, a torque detection mecha- 5 
nism which is compact and high in reliability can be 
implemented. 

[0062] FIG. 30 shows a diagram of a basic concept of 
control of the motor controlling apparatus for a hybrid 
car according to the present invention, and a detailed 
form of the control is described below. 
[0063] FiG. Ids a block diagram of an entire form of 
a hybrid car according to the present invention. 
[0064] Referring to FIG. 10. the hybrid car 100 
includes driving wheels 14, a generator-motor 43. a 
cone-type non-stage transmission 48, an engine 61, 
various sensors 110, batteries 21, a hybrid car motor 
control apparatus 150, driving means 151 , and a throttle 
control actuator 155. 

[0065] The various sensors 110 output sensor signals 
SS to management control means 120 of the hybrid car 
motor control apparatus 150. 
[0066] The management control means 1 20 outputs a 
toque instruction value Tq obtained by processing 
based on the sensor signal SS1 to motor control means 
130, and outputs a throttle aimed opening signal SI 24 
to the throttle control actuator 155. 
[0067] The motor control means 130 outputs a control 
signal SI 30 obtained by processing based on the toque 
instruction value Tq and the sensor signal SS2 to the 
driving means 151. 

[0068] The driving means 151 outputs driving signals 
(SU, SV, SW) obtained based on the control signal 8130 
and the battery voltage VB to the generator-motor 43. 
[0069] The generator-motor 43 is driven or regener- 
ates when the driving signals (SU, SV, SW) are provided 
to coils of three phases of a U phase, a V phase and a 
W phase illustrated in FIG. 1 5, and outpute motor torque 
TqM to the driving wheels or charges the batteries 21 
with regeneration power VR. 
[0070] Here, the driving signals SU, SV, SW are 
described with reference to FIG. 20. 
[0071] Refenring to FIG. 20, reference symbols SUF, 
SVB, SWF. SUB, SVF. SWB denote the directions of the 
driving signals SU, SV. SW illustrated in FIG. 15. and for 
example, reference symbol SUF denotes a driving sig- 
nal SU which is supplied from the batteries 21 to the U- 
phase of the generator-motor 43 when an FET Q1 of the 
driving means 1 51 is on, and SUB denotes a driving sig- 
nal SU which flows from the U-phase of the generator- 
motor 43 to the ground (ground) when another FET 02 
of the driving means 151 is on. 
[0072] Similarly, a driving signal SV which flows from 
the batteries 21 to the V-phase of the generator-motor 
43 when a further FET Q3 of the driving means 151 is 
on is denoted by SVF; a driving signal SV which flows 
from the V-phase of the generator-motor 43 to the 
ground (ground) when a still further FET Q4 is on is 



denoted by SVB; a driving signal SW which is supplied 
from the batteries 21 to the W phase of the generator- 
motor 43 when a yet further FET Q5 of the driving 
means 151 is on is denoted by SWF; and a driving sig- 
nal SW which flows from the W phase of the generator- 
motor 43 to the ground (ground) when a yet further FET 
Q6 is on is denoted by SWB. 
[0073] From the foregoing, within a period ® shown 
in FIG. 20. the FET Q1 and the FET Q4 are in an on 
state, and the driving signal SUF flows to the U phase of 
the generator-motor 43 through the batteries 21 -> FET 
Q1. and the driving signal SVB flows to the ground 
(ground) through the V phase of the generator-motor 43 
-^FETQ4. 

[0074] In this manner, the current (driving signal) 
within the period (3) flows from the U phase of the U 
phase. V phase and W phase of the three-phase coils of 
the generator-motor 43 to the V phase. 
[0075] This is synchronized with a rising edge off a 
magnetic pole position signal PM (115U) from a motor 
magnetic pole sensor 1 15 of the generator-motor 43. 
[0076] In short, the signal S1 1 5U detects an energiza- 
tion timing to the U phase, and control to cause current 
to flow from the coil of the U phase to the coil of the V 
phase is executed by UVW energization pattern gener- 
ation means 135. 

[0077] On the other hand, within another period (g). 
the FET Q6 is turned on in place of the FET 04 (the 
FET Q4 is in an off state) and the driving signal SWB 
flows, and the flow of the current (driving signal) from 
the U phase to the V phase is switched from the U 
phase to the V phase. 

[0078] FIG. 11 is a block diagram of essential part of 
a form of the management control means of the motor 
controlling apparatus for a hybrid car according to the 
present invention. 

[0079] Referring to FIG. 1 1 , the management control 
means 120 includes battery charge amount setting 
means 121, aimed rear wheel output power setting 
means 122, engine aimed output power calculation 
means 123, throttle aimed opening setting means 124, 
and mode discrimination means 125. 
[0080] It is to be noted that operation described below 
is illustrated in an operation f k>w chart of the manage- 
ment control means in FiG. 21 . 
[0081] An engine revolution number sensor 160 
detects a revolution number of the engine and supplies 
a revolution number signal SY to the engine aimed out- 
put power calculation means 123. 
[0082] A battery remaining capacity sensor 1 1 1 out- 
puts a battery remaining capacity signal Si 1 1 obtained 
by detecting the remaining capacity of the batteries 21 
to the mode discrimination means 125. 
[0083] The battery charge amount setting means 1 21 
is formed from a memory such as a ROM and stores in 
the ROM thereof charging engine aimed output data 
required for the batteries 21 con-esponding to an accel- 
erator opening signal Si 12 and a vehicle speed signal 
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V In advance, and outputs a battery charge amount sig- 
nal SI 21 obtained by reading out the charging engine 
aimed output data using the accelerator opening signal 
S112 and the vehicle speed signal V as an address to 
the engine aimed output power calculation means 1 23. s 
[0064] It is to be noted that the data stored in the ROM 
are stored only for a region wherein the accelerator 
opening is lower than 50 % so that engine charging may 
be performed only in a region in which the engine effi- 
ciency Is high. 10 
[0085] An accelerator opening sensor 1 12 outputs an 
accelerator opening signal S112 obtained by detecting 
an operation amount (opening) of an accelerator pedal 
not shown to the battery charge amount setting means 
121, the aimed driving wheel output power setting 75 
means 122 and the mode discrimination means 125. 
[0066] A vehicle speed sensor 1 1 4 outputs a vehicle 
speed signal V obtained by detecting the vehicle speed 
to the aimed rear wheel output power setting means 
1 22 and the mode discrimination means 1 25. 20 
[0087] The aimed rear wheel output power setting 
means 122 is formed from a memory such as a ROM 
and stores in the ROM thereof in advance aimed driving 
wheel output data (torque Tq) corresponding to the 
accelerator opening signal S1 1 2 and the vehicle speed 2S 
signal V, and outputs an aimed driving wheel output sig- 
nal 8122 (torque instruction value Tq) obtained by read- 
ing out the aimed driving wheel output data using the 
accelerator opening signal S1 12 and the vehicle speed 
signal V as an address to the engine aimed output 30 
power calculation means 123 and the motor control 
means 130. 

[0088] A mode changeover switch 113 (refer to FIG. 
12) outputs a mode signal 8113 obtained by changing 
over the running mode of the hybrid car 1 00 to the mode 35 
discrimination means 125. 

[0089] The mode discrimination means 125 outputs a 
mode discrimination signal SI 25 obtained by perform- 
ing mode discrimination based on the battery remaining 
capacity signal S1 11, the accelerator opening signal 40 
81 12, the mode signal S1 13 and the vehicle speed sig- 
nal V to the engine aimed output power calculation 
means 123. 

[0090] The engine aimed output power calculation 
means 123 calculates the engine aimed output powers 45 
stored in advance in the ROM using the engine revolu- 
tion number signal SY and the aimed driving wheel out- 
put signal 8122 (Tq) as an address, and calculates an 
engine aimed output power for battery charging based 
on the battery charge amount signal 8121 and the so 
mode discrimination signal 8125 and outputs an engine 
aimed output power signal 8123 obtained by adding the 
two engine aimed output powers to the throttle aimed 
opening setting means 124. 

[0091] The throttle aimed opening setting means 124 55 
is formed from a memory such as a ROM and stores 
throttle aimed opening data corresponding to the engine 
aimed output power signal SI 23 in the ROM in 



advance, and outputs a throttle aimed opening signal 
S124 obtained by reading out the throttle aimed open- 
ing data using the engine aimed output power signal 
8123 as an address to the throttle control actuator 155. 
[0092] FIG. 12 is a diagrammatic view of the mode 
switch 113. 

[0093] TTie mode switch 1 1 3 changes over the running 
mode of the hybrid car 100 among the three modes of a 
semi-automatic mode, a full automatic mode and an EV 
(running only with the generator-motor 43) mode. 
[0094] The semi-automatic mode is a mode wherein 
the driving output power condition of the generator- 
motor 43 is set higher than that of driving with the 
engine 61 and the car runs principally using the gener- 
ator-motor 43, and is a running mode wherein, when the 
driving torque of the generator-motor 43 is insufficient, it 
is made up for by driving torque from the engine 61 and 
consumption of gasoline is suppressed. 
[0095] Accordingly, while the batteries 21 must be 
externally charged periodically, the fuel consumption of 
the engine 61 is better. 

[0096] The full automatic mode is a running nfiode 
wherein the driving output power condition of the engine 
61 is set higher than that of driving with the generator- 
motor 43 and the car runs principally using the engine 
61 and a running mode wherein, when the driving 
torque by the engine 61 is insufficient, it is made up for 
by driving torque of the generator-motor 43 and the bat- 
tery capacity can be maintained. 
[0097] Accordingly, the battery batteries 21 need not 
be externally charged. 

[0098] It is to be noted that an ON/OFF discrimination 
diagram of the engine is shown in FIG. 22 as a refer- 
ence for ON/OFF operation of the engine in the three 
modes of the mode switch 1 1 3. 
[0099] FIG. 14 is a block diagram of essential part of 
a form of the motor control means of the motor control- 
ling apparatus for a hybrid car according to the present 
invention. 

[0100] Referring to FIG. 14. the motor control means 
130 includes current feedback control means 131, 
selection comparison means 132, oscillation means 
133. selection duty limitation means 134. UVW ener- 
gization pattern generation means 135, current/torque 
feedback control means 136, and torque feedback con- 
trol means 140. 

[01 01 ] A motor revolution number sensor 1 1 6 outputs 
a motor revolution number signal RM obtained by detec- 
tion of the revolution number of the generator-motor 43 
to the current feedback control means 131, the torque 
feedback control means 140 and the currentAorque 
feedback control means 136. 
[0102] The torque sensor unit 88 outputs a driving 
wheel torque signal TS obtained by detecting the torque 
of the driving wheels 14 to the torque feedback control 
means 140. 

[0103] It is to be noted that the motor revolution 
number sensor 116 may serve also as the nfiotor mag- 
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netic pole sensor 115 which will be hereinafter 
described. 

[0104] The current feedback control means 131 pro- 
duces a correction aimed current IMSC and a duty limit 
signal S137 based on the toque instruction value Tq. 
the nrxytor revolution number signal RM and the battery 
voltage VB. and outputs the correction aimed cun^ent 
IMSC to the selection comparison means 132 and out- 
puts the duty limit signal S137 to the selection duty linrv 
itation means 134. 

[0105] The torque feedback control means 140 out- 
puts a duty/lead angle amount signal SI 45 and a cur- 
rent limit signal SI 46 based on the driving wheel torque 
signal TS. the toque instruction value Tq, the motor rev- 
olution number signal RM and the battery voltage VB, 
and outputs the duty/lead angle amount signal S145 to 
the selection duty limitation means 134 and outputs the 
current limit signal SI 46 to the selection comparison 
means 132. 

[0106] The current/torque feedback control means 

136 produces a selection signal S136 based on the 

torque instruction value Tq and the motor revolution 

number signal RM. and outputs the selection signal 

SI 36 to the selection comparison means 132 and the 

selection duty limitation means 134. 

[0107] FIG. 26 shows an operation flow chart of the 

current^orque feedback control means. 

[0108] In step P61. it is discriminated whether or not 

the toque instruction value Tq is higher than 0 (Tq > 0), 

and if the discrimination is YES, then the control 

advances to step P62. but if the discrimination is NO, 

then the control advances to step P4. 

[0109] In step P62, it is discriminated whether or not 

the motor revolution number signal RM is lower than 

2,000 rpm (RM < 2,000 rpm), and if the discrimination is 

YES, then the control advances to step P63, but if the 

discrimination is NO, then the control advances to step 

P64. 

[0110] In step P63, the selection signal SI 36 for set- 
ting the controlling method for the motor control means 
130 to current feedback control is outputted. 
[01 11 ] in step P64, the selection signal SI 36 for set- 
ting the controlling method for the motor control means 
1 30 to torque feedback control is outputted. 
[0112] Referring back to FIG. 14, the selection com- 
parison means 132 selects one of the correction aimed 
current IMSC and the current limit signal SI 46 based on 
the selection signal SI 36, compares the selected signal 
and a motor current detection signal IMO in magnitude 
and outputs, when the motor current detector) signal 
IMO is equal to or higher than the selected signal (IMO 
^ IMS or S146), a reset signal S132 to the oscillation 
means 133 (refer to FIG. 16). 
[0113] The oscillation means 133 oscillates pulses of, 
for exanple, 5 KHz and outputs an oscillation control 
signal SI 33 (refer to FIG. 16) obtained by resetting the 
pulse oscillation output by the reset signal SI 32 to zero 
to control the duty to the selection duty limitation means 



134. 

[01 1 4] The selection duty (imitation means 1 34 selects 
one of the duty signal Si 37 and the duty/lead angle 
amount limit signal Si 45 based on the selection signal 

5 Si 36 and outputs a duty limit control signal S134 
obtained by limiting the duty of the oscillation control 
signal S133 (refer to FIG. 16) with the selected signal to 
the UVW energization pattern generation means 135. 
[0115] The motor magnetic pole sensor 115 gener- 

10 ates three kinds of timing signals at intervals of 120 
degrees in conformity with the U phase, the V phase 
and the W phase of the motor coils, and outputs a mag- 
netic pole position signal PM (S115U. SI 15V, S115W) 
obtained by detecting the positions of the nfiagnetic 

IS poles of the generator-motor 43 as shown in FIG. 20 to 
the UNA/V energization pattern generation means 135. 
[0116] The UVW energization pattern generation 
means 135 outputs a driving control signal SI 30 
obtained by producing energization patterns of the U. V 

20 and W phases of the three-phase DC brushless gener- 
ator-motor 43 based on the duty limit control signal 
SI 34 and the magnetic pole position signal PM to the 
driving means 151. 

[01 1 7] FIG. 27 is a block diagram of essential part of 
25 a form of the current feedback control means according 
to the present invention. 

[01 1 8] Referring to FIG. 27, the cunrent feedback con- 
trol means 131 includes duty limit setting means 137. 
aimed current setting means 138 and aimed current 
30 correction means 139. 

[01 1 9] The duty limit setting means 1 37 outputs a duty 
limit signal S137 for limiting the duty of the oscillation 
control signal S133 based on the battery voltage VB 
and the motor revolution number signal RM.to the selec- 
ts tion duty limitation means 1 34. 

[01 20] The aimed current setting means 1 38 is formed 
from a memory such as a ROM and stores aimed cur- 
rent data corresponding to the toque instruction value 
Tq and the motor revolution number signal RM in the 
40 ROM in advance, and outputs an aimed current signal 
IMS obtained by reading out the aimed current data 
using the toque instruction value Tq and the motor rev- 
olution number signal RM to the aimed current correc- 
tion means 139. 
45 [0121] The aimed current con-ection means 139 out- 
puts a correction aimed current IMSC obtained by cor- 
rection processing of the aimed current signal IMS 
based on the motor cunrent detection signal IMO and 
the toque Instruction value Tq to the selection compari- 
50 son means 132. 

[0122] FIG. 28 is a block diagram of essential part of 
a form of the torque feedback control means according 
to the present invention. 

[01 23] Referring to FIG. 28, the torque feedback con- 
55 trol means 1 40 includes current limit setting means 146, 
mode control means 143, deviation calculation means 
1 41 . PID (proportional plus integral plus derivative) con- 
trol means 142, dutyyiead angle amount calculation 
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means 144, and duty/lead angle amount limit means 
145. 

[0124] The curent limit setting means 1 46 is formed 
from a memory such as a ROM and stores In the ROM 
thereof current limit data corresponding to the motor 5 
current detection signal IMG, the battery voltage VB and 
the motor revolution number signal RM in advance, and 
outputs a current limit signal S146 obtained by reading 
out the current limit data using the motor current detec- 
tion signal IMO, the battery voltage VB and the motor 
revolution number signal RM as an address to the 
selection comparison means 132. 
[0125] The PID control means 142 is composed of a 
proportional element, an Integral element, a derivative 
element and addition means not shown, and the propor- 
tional element performs P (proportional control) for a 
deviation signal AT; the integral element performs I 
(integral control) for the deviation signal AT; the deriva- 
tive element performs D (derivative control) for the devi- 
ation signal AT; and the addition means outputs a PID 
control signal Tpid obtained by adding outputs of the 
elements to the duty/lead angle amount calculation 
means 144. 

[01 26] The mode control means 1 43 produces a mode 
control signal SI 43 for controlling the torque feedback 
control means 140 to a duty control mods or a lead 
angle amount control mode based on the motor revolu- 
tion number signal RM, the toque instruction value Tq 
and the deviation signal AT, and outputs the mode con- 
trol signal SI 43 to the duty/lead angle amount calcula- 
tion means 144 and the duty/lead angle amount limit 
means 145. 

[01 27] The duty/lead angle amount calculation means 
144 outputs a dutyyiead angle amount signal S144 
obtained by calculation of a duty or a lead angle amount 
based on the PID control signal Tpid and the mode con- 
trol signal SI 43 to the duty/lead angle amount limit 
means 145. 

[0128] The duty/lead angle amount limit means 145 
outputs a duty/lead angle amount limit signal SI 45 
obtained by limiting the duty/lead angle amount signal 
SI 44 based on the battery voltage VB, the motor revo- 
lution number signal RM and the mode control means 
SI 43 to the selection duty limitation means 134. 
[0129] FIG. 1 7 is an operation flow chart of the torque 
feedback control means and the mode control means. 
[0130] In step PI, torque deviation calculation 
(AT = Tq - Ts) to be performed by the deviation calcu- 
lation means 141 is performed to calculate a deviation 
signal AT, whereafter the control advances to step P2. 
[0131] In step P2. PID compensation is performed for 
the deviation signal AT by the PID control means 142, 
whereafter the control advances to step P3. 
[01 32] In step P3, it is discriminated whether or not the 
toque instruction value Tq is higher than 0 (Tq > 0), and 
if the discrimination is YES. then the control advances 
to step P4, but if the discrimination is NO, then the con- 
trol advances to step P7. 



[01 33] In step P4. it is discriminated whether or not the 
motor revolution number signal RM is equal to or higher 
than 2,000 rpm (RM ^ 2,000 rpm) and the deviation sig- 
nal AT is higher than a predetermined value K (AT > K), 
and if the discrimination is YES, then the control 
advances to step P5, but if the disaimination is NO, the 
control advances to step P6. 
[0134] In step P5, the duty/lead angle amount calcu- 
lation means 144 enters a lead angle mode, in which it 
performs calculation of the lead angle amount. 
[01 35] In step P6, the duty/lead angle amount calcu- 
lation means 144 enters a driving logic mode, in which it 
performs calculation of the duty. 
[01 36] In step P7. the duty/lead angle amount calcu- 
lation means 1 44 enters a driving logic mode, in which it 
performs calculation of the duty 
[0137] Here, the discrimination flow of FIG. 18 is 
described with reference to FIGS. 15. 17 and 20. 
(Details regarding FIG. 15 are hereinafter described.) 
[0138] The lead angle mode is control wherein, as 
indicated by a broken line in output waveforms of FIG. 
20 (the driving signal SUF Is taken as an example), the 
signals of SU, SV and SW which make driving signals 
are turned on (led) rather early with respect to the sig- 
nals S1 1 5U. S1 15V and SI 15W of the motor magnetic 
pole sensor 115. 

[01 39] This can change the characteristic off the motor 
to that of a low torque high rotation type and particularly 
can increase the torque upon high rotation. 
[0140] This rotates the motor at a high speed by 
decreasing the fields of the motor coils, and is called 
field-weakening control. 

[0141] The lead angle is proceeded while the normal 
energization angle of 120"" is continuously increased, 
and after the energization angle is increased to 170° , 
the lead angle is further increased while the energiza- 
tion angle is held at 170'' . 

[0142] In the flow illustrated in FIG. 18, first in step 
P30, it is discriminated which one of the driving logic 
mode, the lead angle mode and the regeneration logic 
mode the preceding control is. 
[0143] Then, for the discriminated driving logic mode 
(step P31). lead angle mode (step p32) or regeneration 
logic mode (step P33), discrimination of whether a devi- 
ation AT (= Tq - Ts) between the aimed torque (Tq) 
and the current torque (Ts) is positive zero (0) or 
negative (-) is executed. (Steps P41. P44 and P46) 
[0144] If it is discriminated in step P41 that the devia- 
tion AT is positive (AT > 0). then since the current torque 
(T s) is insufficient with respect to the aimed torque (Tq). 
the control advances to step P42, in which the duty 
(Duty) in the last energization to the motor is equal to or 
higher than 98 %. If the last duty is equal to or higher 
than 98 %, then the control advances to step P51. in 
which the lead angle mode is entered and the duty is set 
to 100%. 

[Q145] Accordingly, field-weakening control is started 
at this point of time. 
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[0146] In the lead angle mode, an energization angle 
wherein PID (proportional, integral and derivative) 
terms are added to the last energization angle is deter- 
mined (step P5 of FIG. 17), and an angle by which the 
determined energization angle exceeds the ordinary 5 
energization angle (120'' ) is led as indicated by a bro- 
ken line in FIG. 20. 

[0147] On the other hand, when the last duty in step 
P42 is lower than 98 %, and when it is discriminated in 
step P41 that the deviation AT is zero (AT = 0), the con- 
trol advances to step P52, in which the driving logic 
mode is entered, and a duty obtained by adding PID 
(proportional, integral and derivative) terms to the last 
energization duty is outputted as a driving signal (step 
P6 shown in FIG. 17). 

[0148] In the meantime, when it is discriminated in 
step P41 that the deviation AT is zero (AT = 0). the con- 
trol advances to step P43. in which discrimination of 
whether or not the last duty exceeds 2 % is executed. If 
the last duty exceeds 2 %, then the control advances to 
step P52, in which the driving logic mode is entered, but 
if the last duty is equal to or lower than 2 %, then the 
control advances to step P53, in which the regeneration 
logic mode is entered. 

[0149] If the deviation AT is negative (AT < 0), then 
since also the PID terms become positive 0 nega- 
tive, although the PID terms are added (step P6 illus- 
trated in FIG. 17) in the driving logic mode (step P52), 
the energization duty continues to decrease within the 
period within which the deviation AT is in the negative 
(AT<0). 

[01 50] As the duty decreases, also the cun'ent torque 
(Ts) decreases, and if the aimed torque (Tq) Is positive, 
then when the current torque (Ts) and the aimed torque 
(Tq) become equal to each other (Tq = Ts). the devia- 
tion becomes AT = 0, and also the PID terms become 0. 
The duty becomes stable with the value at the present 
point of time, and fixed torque operation is entered. 
[0151] If the aimed torque (Tq) is negative (Tq < 0), 
that is, in such a case that the vehicle is decelerating, 
since the deviation AT remains negative by whichever 
amount the energization duty decreases, at a point of 
time when the energization becomes equal to or lower 
than 2 %, the mode of the motor changes from the driv- 
ing logic mode to the regeneration logic mode (step 
S53), and the motor enters a regeneration braking con- 
dition to generate a deceleration feeling. At this point of 
time, a regeneration mode is started. 
[0152] The regeneration logic mode is a mode 
wherein, as illustrated in FIG. 20. the coils of the U 
phase, the V phase and the W phase and the batteries 
are put into an on-state therebetween by the FETs Q1 , 
Q3 and Q5 so that the coils may have connection tim- 
ings for each 120 degrees. 

[0153] In the regeneration logic mode, the PID terms 
are subtracted from the last duty to calculate a motor 
duty (step P7 of FIG. 17), and while the deviation AT is 
equal to or lower than 0 (AT ^ 0) (from step 46 to step 



P56), also the PID terms are equal to or lower than 0. 
and the energization duty of the motor is substantially 
increased from a minimum value equal to or lower than 
2 % and regeneration braking increases. 
[0154] Consequently, since the value of the current 
torque (Ts) becomes negative (Ts < 0) by the regenera- 
tion braking, both of the aimed torque (Tq) and the 
torque (Ts) become negative values, and the deviation 
AT gradually approaches 0 from the negative value. 
[01 55] Thereafter, at the point of time when the devia- 
tion AT becomes positive (AT > 0) (step P46), the regen- 
eration logic mode is continued before the last duty 
becomes lower than 2 % (step P56). 
[0156] This is because, since also the PID terms 
become positive as the deviation AT becomes positive, 
the duty decreases. 

[0157] Then, at the point of time when the duty 
becomes lower than 2 %. the driving logic mode is 
entered (the control advances from step P55 to step 6 of 

FIG. 17). 

[0158] Accordingly, the regeneration logic mode 
comes to an end at this point of time. 
[0159] If the deviation AT is positive, then since also 
the PID terms are positive, the duty is now increased by 
the calculation in step PS illustrated in FIG. 17. 
[0160] Then, in step P44, if the deviation AT is equal 
to or higher than 0 (AT s 0), since the last mode is the 
lead angle mode, an increase of the torque is 
demanded continuously, and the lead angle mode is 
continued through step P54 (step PS of FIG. 17). 
[0161 ] On the other hand, if the deviation AT is nega- 
tive (AT < 0) in step P44, then the lead angle mode is 
continued until the last lead angle amount becomes 
equal to or smaller than 2 degrees (^ 2 deg) (from step 
S45tostep P5 of FIG. 17). 

[0162] In this instance, in step P5, the PID terms are 
added to the last energization angle. However, since the 
deviation AT is negative (AT < 0), the PID terms them- 
selves change to negative values, and consequently, at 
a point of time when the lead angle amount becomes 
equal to or smaller than 2 degrees, the driving logic 
mode is entered (step PS of FIG. 1 7). 
[0163] Accordingly, the field-weakening control is 
ended at this point of time. 

[01 64] By switchabiy controlling the mode among the 
driving logic mode, the lead angle mode and the regen- 
eration logic mode in response to the value of the devi- 
ation AT to effect control, torque feedback control 
confirming to a desired aimed torque (Tq) can be per- 
formed. 

[0165] It is to be noted that, while the driving signals 
(SU, SV and SW) of FIG. 20 are on (in the H level state) 
in all of the modes, a delicate duty pulse is outputted as 
shown in FIG. 29 so that the effective voltage of the 
motor is controlled. 

[01 66] FIG. 15 shows a circuit of the driving means. 
[0167] Referring to FIG. 15, the driving means 151 
includes N-channel FETs (Q1 to Q6), flywheel diodes 
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(D1 to D6). and a capacitor CI. 
[0168] The driving means 151 receives an on/off sig- 
nal of the driving control signal SI 30 at the gates (G2, 
G4 and G6) and a PWM signal of the driving control sig- 
nal SI 30 at the gates (G1. G3 and G5). and outputs 5 
such driving signals (SU. SV and SW, or SUF, SVF and 
SWF, or else SUB. SVB and SWB) as shown in FIG. 19 
to the three-phase DC brushless generator-motor 43 to 
control driving of the generator-motor 43. 
[0169] In this manner, the hybrid car 1 00 includes the 
driving wheels 14, the generator-motor 43, the trans- 
mission 48, the engine 61 , the various sensors 110, the 
batteries 145, the hybrid car motor control apparatus 
150, the driving means 151, the driving/regeneration 
changeover means 1 52 and the throttle control actuator 
155, discriminates a full automatic mode wherein the 
engine is driven only within a range within which the fuel 
consumption efficiency is high and generation energy 
obtained by driving the generator-motor with the engine 
output power is used to charge the batteries while the 
car is running and a semi-automatic mode wherein the 
generator-motor is driven with supply power from the 
batteries to cause the car to run and, only when the driv- 
ing force of the generator-motor is insufficient, the 
engine driving force is assisted, by a switching opera- 
tion of the mode switch to control driving of the engine 
and the generator-motor so that running principally with 
the engine or running principally with the EV (generator- 
motor) can be performed, performs, when rotation of the 
generator-motor is low, current feedback control by 
which the motor current can be controlled with a high 
degree of accuracy whereas it performs toque feedback 
control in a high vehicle speed-high torque region, and 
controls the allowable maximum motor current value to 
protect the generator-motor from excessive current and 
can raise the fuel consumption efficiency of the engine. 
[0170] Consequently, also it is possible to reduce the 
cun-ent sensors 161 to one. and reduction in cost is pos- 
sible. 

[0171] FIG. 13 is a diagram illustrating the driving 
regions of the engine and the motor of the hybrid car 
according to the present invention. 
[01 72] The hybrid car 1 00 basically allows driving with 
the engine 61 over the entire driving region. 
[01 73] Referring to FIG. 1 3, the axis of abscissa is the 
vehicle speed V (km/h) and the axis of ordinate is the 
toque Instruction value Tq (kgf • cm), and the driving 
region Is divtoled into an engine region in which the 
engine 61 drives the car. an EV region in which the car 
is driven only with the generator-motor 43, an engine 
charging region in which the engine 61 is operated in a 
high efficiency region to drive the generator-motor 43 
and generation energy generated by the generator- 
motor 43 is used to charge the batteries 21 while the car 
Is running, a charging region and a regeneration region 
in which, when the car is decelerated, regeneration 
braking is applied by the generator-motor 43 to cause 
the generator-motor 43 to generate power to charge the 



batteries 21, an engine/motor region 0 in which the car 
is driven with the engine 61 and the generator-motor 43, 
and another engine/motor region (g) in which the car is 
driven with the engine 61 and the generator-motor 43 
which is controlled by field-weakening control. 
[01 74] It is to be noted that the boundary between the 
engine/motor region (X) and the engine/motor region (g) 
is corrected such that, as the voltage of the batteries 21 
drops, the boundary between the engine/motor regions 
(D and 0 moves as indicated by an arrow mark to a 
region of a broken line which is wider. 
[01 75] It is to be noted that such a construction that 
the relationship between the battery remaining amount 
and the threshold value for the throttle opening (acceler- 
ator opening) is determined in such a manner as illus- 
trated in FIG. 23 and ON/OFF discrimination of the 
engine is performed as shown in FIG. 24 may be 
employed. The relationship may be stored as a data 
table in a ROM in the control apparatus so that it may be 
referred to at any time. 

[0176] Where the battery remaining amount is, for 
example, 0 to 50 %. the threshotel value is set, for exam- 
ple, to 20 %. 

[0177] Where the battery remaining amount is, for 
example, higher than 100 %, the threshold value is set, 
for example, to 85 %. Where the battery remaining 
amount is, for example, 50 to 100 %, the threshold value 
exhibits a gradual increase. 

[0178] In particular, in the semi-automatic mode and 
the full automatic mode of FIG. 24, the threshold value 
for the accelerator opening at which operation of the 
engine is started is made variable within 20 to 85 % 
based on the battery remaining amount. 
[0179] Accordingly, as the battery remaining amount 
becomes small, engine driving is performed at an early 
stage from a condition wherein the accelerator opening 
is low. Consequently, as shown in FIG. 25. the EV 
region becomes smaller comparing with that of the case 
of FIG. 13, and the engine/charging region can be wid- 
ened as much. In this instance, in the semi-automatic 
mode. VI = 50 km/s, and in the full automatic mode, VI 
= 40 knrVs. 

[0180] Consequently, when the battery remaining 
amount is small, engine/charging can be performed fre- 
quently, and consumption of (the power of) the batteries 
can be prevented effectively. 
[0181] FIG. 31 is a block diagram of essential part of 
a controlling apparatus for a hybrid car according to 
daim 2. 

[01 82] Referring to FIG. 31 , the controlling apparatus 
for a hybrid car includes an accelerator sensor 164, a 
vehicle speed sensor 162, a torque sensor 165, an 
engine 171, a generator-motor 172, a common output 
power shaft (propeller shaft) 173, a differential appara- 
tus 174. a drive shaft (drive shaft) 175, driving wheels 
176 and a CPU 163. 

[0183] Referring to FIG. 31 , the CPU 163 is composed 
of torque detection means 166, aimed torque calcula- 
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tion means 168. aimed opening means 169, revolution 
number detection means 167 and a controller 170. 
[0184] The accelerator sensor 1 64 is formed from an 
operational transformer, a potentiometer or the like and 
is connected from an accelerator pedal by a wire, and 
outputs a signal A corresponding to an amount by which 
the accelerator pedal is operated by a driver and sup- 
plies the signal A to the CPU 163. 
[0185] The vehicle speed sensor 1 62 has such a con- 
struction that a magnet is mounted on the wheel shaft 
(drive shaft) with poles thereof directed in radial direc- 
tions and coils are arranged in directions opposing to 
the magnetic poles or the like, and calculates based on 
a wheel speed from a variation amount of magnetic 
poles, outputs a signal V corresponding to a moving 
speed of the vehicle and supplies the signal V to the 
CPU 163. 

[0186] The torque sensor 165 may include electro- 
magnetic colls, photoelectric elements or the \\\kb 
opposing to protrusions of two gear-like disks spaced 
from each other so that a displacement in phase 
between the two gear-like disks may be detected as an 
action of a tortion bar or may be provided at a jointing 
portion at which the engine 171 and the generator- 
motor 172 are mechanically connected to each other or 
on the common output power shaft (propeller shaft) at a 
downstream portion from the joining portion to the dif- 
ferential apparatus such that it supplies a detected sig- 
nal Ts to the CPU 163 and calculate a torque amount 
from the displacement in phase. 
[0187] Further, the torque sensor 165 may be pro- 
vided at a location from the common output power shaft 
(propeller shaft) on the downstream from the joining 
portion to the drive shaft (drive shaft). 
[0188] The engine 171 and the generator-motor 172 
are set such that, while, for example, a gasoline engine, 
a diesel engine or the like of an internal combustion 
engine is used as a first power source and a motor or 
the like is used as a second power source, the first 
power source and the second power source may be 
formed from elements having different output powers or 
a plurality of such first power sources and/or second 
power sources may be employed. 
[0189] The engine 1 71 outputs a driving output torque 
Te, and the generator-motor 172 outputs a driving out- 
put torque Tm. 

[0190] Meanwhile, at the joining portion or on the 
common output power shaft at the downstream portion 
from the joining portion to the differential apparatus, the 
driving output torque Te of the engine 171 and the driv- 
ing output torque Tm of the generator-motor 172 are 
added to obtain a driving output torque TP. 
[0191] The common output power shaft (propeller 
shaft) 173 transmits, at a location from the joining por- 
tion at which the engine 171 and the generator-nnotor 
1 72 are mechanically connected to each other to the dif- 
ferential apparatus 1 74, driving forces of the engine 1 71 
and the generator-motor 172 to the driving wheels 176 



through the differential apparatus 174 and further 
through the drive shaft 1 75. 

[0192] The differentia! apparatus 174 distributes the 
driving forces of the engine 171 and the generator- 

5 motor 172 in both the opposite left and right directions 
by 90 degrees for the left and the right through the pro- 
peller shaft 1 73 to transmit the driving forces to the drive 
shaft 175 to transmit power to the driving wheels 176 
and also has an action to cancel a displacement 

10 between amounts of rotation of the left and right driving 
wheels 1 76 at a corner portion or the like. 
[0193] The drive shaft (drive shaft) 175 receives the 
driving forces of the engine 171 and the generator- 
motor 1 72 through the differential apparatus 1 74 on the 

15 left and right and transmits the power to the driving 
wheels 176. 

[01 94] The driving wheels 1 76 receive and are rotated 
by the driving forces of the engine 171 and the genera- 
tor-nxytor 172 through the drive shaft (drive shaft) 1 75 to 

20 move the vehicle. 

[01 95] The CPU 1 63 is basically formed from a micro- 
processor and is composed of torque detection means 
166, the aimed torque calculation means 168, the 
aimed opening means 169, the evolution number detec- 
ts tion means 167 and the controller 170, and Is supplied 
with a signal T from the torque sensor 165. a signal A 
from the accelerator sensor 164, a signal V from the 
vehicle speed sensor 162, a rotation signal P from the 
engine 171 and so forth. 

30 [01 96] The CPU 1 63 supplies a signal Tt obtained by 
calculation of an aimed torque from the signal A from 
the accelerator sensor 164 and the signal V from the 
vehicle speed sensor 162 by the aimed torque calcula- 
tion means 168 and a signal Pr obtained by detecting a 

35 number of revolutions by the rotation signal P from tiie 
engine 171 by the revolution number detection means 
167 to the aimed opening means 169, calculates an 
aimed opening of a throttle by the aimed opening 
means 169 and supplies a signal 6 to a throttle actuator 

40 for tile engine 171. 

[0197] Further, the CPU 163 supplies the signal Tt 
obtained by calculation of an aimed torque from the sig- 
nal A of tiie accelerator sensor 164 and the signal V 
from the vehicle speed sensor 162 by the aimed torque 

45 calculation means 168 and a signal Tf based on an 
absolute value of a torque amount obtained by detect- 
ing tiie signal T from the torque sensor 165 by the 
torque detection means 166 to the controller 1 70, calcu- 
lates a control amount for tiie generator-motor 172 by 

50 tiie controller 1 70 and controls the generator-motor 1 72 
with a control signal Mc. 

[0198] Meanwhile, the CPU 163 drives the engine 171 
normally in a fixed condition and drives, when a varia- 
tion of the driving force caused by an actual running 
55 condition of the vehicle, a use condition of the engine 
171 upon starting or the like, a unique characteristic of 
tiie individual engine 1 71 and so forth is detected by tiie 
torque sensor 165 provided on the common output 
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power shaft (propeller shaft) 173 and this reveals that 
the output power amount only of the engine 171 is insuf- 
ficient for an accelerator signal amount A requested by 
a driver, the generator-motor 172 so that the shortage 
may be made up for while the torque amount T of the 5 
common output power shaft can always be fed back to 
obtain stabilized power having a linearity in running driv- 
ing torque. 

[0199] FIG. 32 is a block diagram of essential part of 
a hybrid car controlling apparatus according to claim 3. 10 
[0200] FIG. 32 is formed from an engine 1 82. a motor- 
generator 183, an accelerator sensor 164, a vehicle 
speed sensor 162, a torque sensor 165, a pulser sensor 
178 and control means 177, and a torque amount T by 
the torque sensor 165 provided at a joining portion of I6 
output powers of the engine 182 and the motor-genera- 
tor 183 or on the downstream from the joining portion is 
measured with respect to a driving output power Te of 
the engine 182 and. when the torque amount T from the 
accelerator sensor 164 is short from a request torque 20 
amount, a driving output power Tm from the motor-gen- 
erator 1 83 is added by an addition section 184 to obtain 
a vehicle driving force 185. 

[0201] For the pulser sensor 1 78, a pulser sensor of 
the electromagnetic pickup type which makes use of a 25 
variation in reluctance is used, and the pulser sensor 
1 78 Is composed of a reluctance element provided on a 
rotor connected to a crankshaft and a pulser coil dis- 
posed in a non-contacting opposing relationship to the 
reluctance element and supplies a pulser signal P, 30 
which is generated by the pulser coil when the reluc- 
tance element moves toward tiie pulser coil and moves 
away from the pulser coil, to the control means 177. 
[0202] The vehicle speed sensor 1 62 has such a con- 
struction that a magnet is mounted on a wheel shaft 35 
(drive shaft) with magnetic poles thereof directed in 
radial directions and coils are arranged in directions 
opposing to the magnetic poles or the like, and calcu- 
lates teased on a wheel speed from a variation amount 
of magnetic fluxes, outputs a signal V corresportding to 40 
a moving speed of the vehicle and supplies the signal V 
to the control means 1 77. 

[0203] The accelerator sensor 164 is formed from an 
operational transformer, a potentiometer or the like and 
is connected from an accelerator pedal by a wire, and 4s 
outputs a signal A corresponding to an amount by which 
the accelerator pedal is operated by a driver and sup- 
plies the signal A to the control means 1 77. 
[0204] The torque sensor 165 may include electro- 
Pfiagnetic coils, photoelectric elements or the like so 
opposing to protrusions of two gear-like disks spaced 
from each other so that a displacement in phase 
between the two gear-like disks may be detected as an 
action of a tortion bar or may be provided at a jointing 
portion at which the engine 182 and the generator- ss 
motor 183 are mechanically connected to each other or 
on the common output power shaft (propeller shaft) at a 
downstream portion from the joining portion to the dif- 
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ferential apparatus such that it supplies a detected sig- 
nal T to the control means 177. 
[0205] Othenwise, the torque sensor 165 nriay be pro- 
vided at a location from the common output power shaft 
(propeller shaft) on the downstream from the joining 
portion to the drive shaft (drive shaft). 
[0206] The engine 182 is formed from a gasoline 
engine, a diesel engine or the like, and a signal 6 of an 
aimed opening is supplied from the control means 177 
to a throttle actuator based on a signal A detected by 
the accelerator sensor 164 and corresponding to the 
amount of operation of the accelerator pedal of a driver 
and a pulser signal P detected by the pulser sensor 178 
and the amount of fuel is controlled by the throttle actu- 
ator to adjust the number of revolutions of the engine to 
adjust the engine torque. 

[0207] The motor-generator 183 includes a motor 
which generates rotational torque to rotate the drive 
shaft by converting, by a motor control signal Mc from 
the control means 177 based on the signal A detected 
by the accelerator sensor 164, the signal V detected by 
the vehicle speed sensor 162 and the torque signal T 
detected by the torque sensor 165, driving current from 
a battery not shown by means of a switching element or 
the like to vary the pulse width of the current, and a gen- 
erator for generating regeneration current by rotation 
from the common output power shaft 173 by the engine 
182 or toque of inertia. 

[0208] The control means 1 77 is basically formed from 
a microprocessor and is composed of torque detection 
means 166, aimed torque calculation means 168, 
aimed opening means 169, engine revolution number 
detection means 181 and motor control means 180, and 
receives a signal T from the torque sensor 165, a signal 
A from the accelerator sensor 164, a signal V from the 
vehicle speed sensor 162, a signal P from the pulser 
sensor 1 78 and so forth, supplies a signal 6 of an aimed 
opening to the engine 182 and outputs a control signal 
Mc for the motor to the motor-generator 183. 
[0209] Meanwhile, the control means 177 performs 
charging of the battery not shown with power generated 
by the generator section of the motor-generator 183 
using regeneration torque of the engine 182. 
[0210] However, if, upon battery charging, a connec- 
tion is established directly from the generator to the bat- 
tery to form a closed circuit between the generator and 
the battery, then a braking force Is applied suddenly 
against the regeneration torque of the engine 182, and 
therefore, an element equivalent to a switching element 
Ibr controlling the motor section is connected in the 
opposite direction or the motor and the generator are 
connected to form an H-bridge so as to apply common 
control to them and the pulse width of driving pulses of 
the switching element is controlled with a PWM signal to 
effect such control as to increase the charge current to 
gradually increase. 

[021 1 ] The engine revolution number detection means 
181 is formed from a counter, an arithmetic circuit and 
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so forth, and calculates, from the pulser signal P from 
the pulser sensor 178, a period of the pulser signal P (a 
period from a pulse generated when a reluctance ele- 
ment approaches a pulse coil to another pulse gener- 
ated when a next reluctance element approaches the s 
pulse coll) and determines a speed of revolution of the 
engine by operation from the period. 
[021 2] Here, while retrieval of a table, a map or the like 
of a BTDC with respect to an injection amount of fuel, an 
ignition timing or the like for driving of the engine is 
based on the number of revolutions of the engine, since 
they are functions of the time, the engine revolution 
number detection means 181 performs calculation not 
only of the number of revolutions of the engine but also 
of the speed of revolution. 

[0213] Further, the engine revolution number detec- 
tion means 181 supplies a signal N of the engine revo- 
lution number to the aimed opening means 169. 
[0214] The torque detection means 166 is formed 
from a comparator, an arithmetic unit, a transmitter and 
so forth, and receives a signal T of a torque amount of 
the joining portion, at which the engine 182 and the 
motor-generator 183 are mechanically connected to 
each other and the torque sensor 1 65 is provided, or a 
downstream portion from the joining portion, calculates 
a torque amount from a displacement in phase of the 
signal T and supplies a signal Tf based on an absolute 
value of the torque amount to the motor control means 
180. 

[021 5] However, the positive/negative value of the sig- 
nal Tf indicates the direction of driving, and, for exam- 
ple, the positive value represents counterclockwise 
rotation and corresponds to fonA^ard running of the vehi- 
cle while the negative value indicates clockwise rotation 
and coresponds to backward running of the vehicle. 
[0216] The aimed torque calculation means 168 per- 
forms table retrieval based on the signal A from the 
accelerator sensor 164 and the signal V from the vehi- 
cle speed sensor 1 62 to calculate an aimed torque to be 
aimed and supplies an aimed torque amount signal Tt of 
a result of the calculation to the aimed opening means 
169 and the motor control means 180. 
[0217] Meanwhile, the aimed torque calculation 
means 1 68 includes a memory such as a ROM, In which 
data of the aimed torque amount Tt which is a torque 
anftount to be aimed corresponding to a signal A amount 
(or also an operation angle of the accelerator pedal or 
the like is equivalent) from the accelerator sensor 164 
and the signal V from the vehicle speed sensor 162 
such as. for example, a table 1 of FIG. 34 set based on 
an experiment, theoretical calculation or the like are 
stored in advance, and selects and outputs an aimed 
torque amount Tt corresponding to inputs of the accel- 
erator signal A after digital conversion and the vehicle 
speed signal V. 

[0218] Furthermore, the aimed torque calculation 
means 168 performs table retrieval based on the signal 
A from the accelerator sensor 1 64 and the signal V from 



the vehicle speed sensor 162. calculates an aimed 
torque to be aimed and supplies an aimed torque 
amount signal Tt of a result of the calculation to the 
aimed opening means 169 and the motor control means 
180. 

[021 9] The aimed opening means 169 performs table 
retrieval based on, since the aimed torque value Tt 
obtained by the aimed torque calculation means 168 is 
equal to a torque value requested by the engine, the sig- 
nal Tt and the signal N from the engine revolution 
number detection means 181. calculates an opening of 
the throttle to be aimed, and supplies an aimed opening 
signal 0 of the throttle which is a result of the calculation 
to the throttle actuator for the engine 182. 
[0220] Meanwhile, the aimed opening means 169 
includes a memory such as a ROM, in which data of the 
aimed opening amount 9 which is an opening amount 
which is an opening amount of the throttle correspond- 
ing to the signal N from the engine revolution numt>er 
detection means 181 and the signal Tt from the aimed 
torque calculation means 168 such as. for example, a 
table 2 of FIG. 35 set based on an experiment, theoret- 
ical calculation or the like are stored in advance, and 
selects and outputs an aimed torque amount signal 6 
corresponding to inputs of the engine revolution number 
signal N after digital conversion and the engine 
requested torque signal Tt. 

[0221] Furthermore, the aimed opening means 169 
includes, though not shown, a ROM or the like in which, 
for example, also a fuel injectbn amount and so forth 
corresponding to an intake pipe negative pressure (PB). 
a sensor amount such as a water temperature sensor or 
the like and a number of revolutions of the engine are 
stored as a map, and also can cause the engine to con- 
trol the optimum opening amount of the throttle by 
retrieval of the ROM. 

[0222] In this manner, the aimed opening means 169 
supplies an aimed opening signal 0 of the throttle to the 
engine 182 based on the aimed torque signal Tt from 
the aimed torque calculation means 1 68. which is based 
on the signal A from the accelerator sensor 164 and the 
signal V from the vehicle speed sensor 1 62, and the sig- 
nal P from the pulser sensor 178. 
[0223] The motor control means 1 80 is formed from a 
transmission circuit, a delay circuit and so forth, and 
performs table retrieval and calculation based on the 
aimed torque signal Tt from the aimed torque calcula- 
tion means 168 and the signal Tf based on an at}Solute 
value of the torque amount T from the torque detection 
means 166 and supplies a control amount signal Mc for 
the motor to the motor section of the motor-generator 
183. 

[0224] The motor control means 1 80 supplies a P WM 
signal to a switching element such as an FET, a GTO. 
an IGBT or the like to vary the pulse wWth of cun'ent 
from the battery with the PWM signal and supplies the 
PWM signal current of the varied pulse width to the 
motor section of the motor-generator 183. 
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[0225] Meanwhile, the motor control means 180 
detects an output torque amount Te of the driving torque 
of the engine 182 (actually a driving torque amount TF 
at a portion on the downstream of the joining portion), 
which is driven based on the aimed opening signal 6 
corresponding to the signal A from the accelerator sen- 
sor 164, by means of the torque sensor 165. and does 
not supply, when the output torque amount Te (IF) is 
higher than the aimed torque signal It for the engine, a 
control amount signal Mc to the nnotor. 
[0226] Further, if the control amount signal Mc is being 
supplied to the motor at present, then the motor control 
means 180 decreases the control amount of the signal 
Mc. 

[0227] Furthermore, the motor control means 180 
detects the output torque amount Te of the driving 
torque of the engine 182 (actually the driving torque 
amount TF at the portion on the downstream of the join- 
ing portion), which is driven based on the aimed open- 
ing signal 8 corresponding to the signal A from the 
accelerator sensor 164, by means of the torque sensor 
165. and supplies, when the output torque amount Te 
(TF) is lower than the aimed torque signal Tt for the 
engine, a control amount signal Mc to the motor. 
[0228] Further, if the control amount signal Mc is b^ng 
supplied to the motor at present, then the motor control 
means 180 further increases the control amount of the 
signal Mc. 

[0229] On the other hand, the motor control means 
180 detects the output torque amount Te of the driving 
torque of the engine 182 (actually the driving torque 
amount TF at the portion on the downstream of the join- 
ing portion), which is driven based on the aimed open- 
ing signal 8 corresponding to the signal A from the 
accelerator sensor 164, by means of the torque sensor 
165, and keeps, when the output torque amount Te (TF) 
is equal to the aimed torque signal Tt for the engine, the 
signal amount without varying the supply of the control 
amount signal Mc to the motor. 
[0230] Further, the motor control means 180 includes 
a memory such as a ROM which is set based on an 
experiment, theoretical calculation or the like, and per- 
forms starting driving only with tiie motor-generator 183 
when the vehicle speed signal V from the vehicle speed 
sensor 162 increases from 0 (for example, when driving 
torque of the engine 182 is outputted momentarily such 
as upon starting of the vehicle or upon starting from a 
condition wherein generation is performed by the gener- 
ator using regeneration torque of the engine 182 while 
the vehicle is in a stopping condition, braking force actu- 
ally acts against the driving torque of the engine 182.) 
[0231] Meanwhile, the motor control means 180 con- 
trols, in such an instance wherein generation is per- 
formed by the generator section of tiie motor-generator 
183 using regeneration torque of the engine 182 in a 
condition wherein tiie vehicle is on an inclined road, the 
control signal amount Mc to the motor upon changing 
over of regeneration involved In generation to keep the 



linearity of the running driving torque. 
[0232] For example, when the vehicle is running at 
such a location as a downhill road, since braking is 
applied against a fixed engine torque if generation is 

5 performed, while the vehicle speed signal V is read, 
changing over from the generator of the motor-genera- 
tor 183 to the battery is controlled by controlling the 
ON/OFF times of a switching element so tiiat current 
from the generator may not be connected at a time to 

10 tiie battery to form a closed circuit. 

[0233] On the other, when tiie vehicle is running at 
such a location as an uphill road, if driving torque is 
added to a fixed engine torque with the motor, then sud- 
den acceleration Is applied, and therefore, while tiie 

75 vehicle speed signal V is read, changing over to tiie 
motor is controlled by controlling tiie ON/OFF times of 
the switching element so that tiie motor may not be 
driven at a time. 

[0234] The addition section 184 adds, at the joining 
20 portion at which the engine 182 and the motor-genera- 
tor 183 are mechanically connected to each ottier, a 
driving output power Tm of tiie motor-generator 1 83 to a 
driving output power Te of the engine 182 to obtained a 
thus added driving output power TF. 
25 [0235] The vehicle driving force 1 85 obtains a driving 
force obtained by the mechanical connection of the 
engine 182 and the motor-generator 183 to each otiier, 
and obtains a driving force originating only from the 
engine 182, a driving force originating only from the 
30 motor of the motor-generator 1 83 and an added driving 
force originating from the two of tiie engine 182 and the 
motor-generator 183 to drive the wheels not shown to 
cause the vehicle to run. 

[0236] In this manner, witii the controlling apparatus 
35 for a hybrid car according to claim 3. since tiie engine 
calculates, based on the aimed torque signal and tiie 
engine revolution number signal, a throttle opening, 
based on which the fuel injection amount is controlled, 
while the generator-motor includes a generator for gen- 
40 erating regeneration current by rotation from the drive 
shaft, and motor control means for controlling a motor 
based on tiie aimed torque signal and the actual torque 
signal, and driving of the generator-motor is controlled 
based on a driving control signal from tine motor control- 
45 ling means, a linearity of the running driving torque 
which has a short response time and is quick can be 
obtained. 

[0237] FIG. 33 is a block diagram of essential part of 
assist discrimination means of a hybrid car controlling 

50 apparatus according to claim 4. 

[0238] FIG. 33 is formed from a pulser sensor 1 78, a 
vehicle speed sensor 162, an accelerator sensor 164, 
aimed torque calculation means 168, motor control 
means 180 and assist discrimination means 190. and 

55 the object is to control an assist amount when a driving 
output power from the motor-generator 183 is added to 
the engine 182 in accordance with a use condition, an 
individual unique characteristic or the like of the engine 
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182 upon starting and supply the assist amount to the 
motor control means 180 so that a continuous and 
smooth running driving force which is fast in response 
time and quick can be obtained. 

[0239] The assist discrimination means 190 is com- s 
posed of state detection means 191 , assist amount set- 
ting means 192 and a switch 193. 
[0240] The assist discrimination means 190 includes 
a memory such as a ROM, which is set based on an 
experiment, theoretical calculation or the like, and sup- 
plies a control signal Tt con-esponding to a use condi- 
tion, an individual unique characteristic and so forth of 
the engine 182 upon starting or the like based on an 
accelerator signal A from the accelerator sensor 164, a 
vehicle speed signal V from the vehicle speed sensor 
162 and a pulser signal P from the pulser sensor 1 78 to 
the motor control means 180. 
[0241] The state detection means 191 includes a 
memory such as a ROM, which is set based on an 
experiment, theoretical calculation or the (ike, and sup- 
plies a signal Ts corresponding to a state based on the 
accelerator signal A from the accelerator sensor 164, 
the vehicle speed signal V from the vehicle speed sen- 
sor 162 and the pulser signal P from the pulser sensor 
1 78 to the assist amount setting means 192. 
[0242] The state detection means 191 detects 
whether or not the vehicle speed signal V is 0, and 
detects the number of revolutions of the engine in a con- 
dition wherein the vehicle speed is 0 and detects a state 
whether the number of revolutions is lower or higher 
than a preset value which is based on the experiment, 
theoretical calculation or the like. 
[0243] The state detection means 191 detects, based 
on a detection value, a stopping condition of the vehicle 
or a use condition upon starting or the like, an individual 
unique characteristic and so forth. 
[0244] For example, if the vehicle speed is 0 and the 
number of revolutions of the engine is equal to the pre- 
set value, then the vehicle is in an ordinary stopping 
condition such as when the vehicle Is waiting for a 
change of a traffic signal. 

[0245] On the other hand, when the vehicle speed is 
0 and the number of revolutions of the engine is higher 
than the preset value, the state detection means 191 is 
in a condition when the engine is started (starting from 
a condition wherein the engine is cold). 
[0246] Or, an air conditioner or the like is being driven. 
Those conditions are stored in the ROM so that the driv- 
ing torque may not be influenced. 
[0247] Furthermore, when the vehicle speed is 0 and 
the number of revolutions of the engine is lower than the 
preset value, the state detection means 191 detects a 
state wherein generation is being performed by the gen- 
erator using regeneration torque. 
[0248] Further, when the fuel or the battery is short, 
the state detection means 191 issues an alarm to inform 
a driver of the fact. 

[0249] Furthermore, the state detection means 191 



performs such state detection and discrimination as 
described above, and detects, when it is supplied with 
the accelerator signal A in such conditions, starting of 
the vehicle (when the vehicle speed signal V inaeases 
from 0) and supplies the signal Ts to the assist amount 
setting means 192. 

[0250] The assist amount setting means 1 92 includes 
a memory such as a ROM, which is set based on an 
experiment, theoretical calculation or the like, and sup- 
plies an assist amount signal Tc conforming to a state 
based on the signal Ts from the state detectfon means 

191 and the pulser signal P from the pulser sensor 178 
to the switch 193. 

[0251 ] On the other hand, in an ordinary stopping con- 
dition (the vehicle speed V = 0 and the engine revolution 
number is equal to the preset value), if the accelerator 
signal A is received, then the assist amount setting 
means 192 performs starting only with the motor and 
changes over to the driving output power of the engine 
182 in response to a signal of output driving torque, by 
time control of, for example, several milliseconds, or the 
like. 

[0252] Furthernmre, upon starting (starting from a 
condition wherein the engine is cold), if the accelerator 
signal A is received, the assist amount setting means 

192 reads the signal P from the pulser sensor 1 78 and 
supplies to the switch 193 an assist amount signal Tc so 
that generation may be performed by the generator sec- 
tion of the motor-generator by an amount by which the 
signal P is larger than the preset revolution number of 
the engine to apply braking to the engine to decrease 
the assist amount. 

[0253] The switch 193 has a switching function of soft- 
ware program control, and performs, based on the vehi- 
cle speed signal V supplied from the vehicle speed 
sensor, for example, in an ordinary stopping condition 
(the vehicle speed V = o and the engine revolution 
number is equal to the preset value), starting only with 
the motor and changes over, when the vehicle speed 
becomes equal to the preset vehicle speed, to the 
aimed torque signal Tt of the aimed torque calculation 
means 168 in response to the vehicle speed signal V. 
[0254] For example, the switch (SWI) 33 selects, 
when the vehicle speed signal V = 0 is detected, the sig- 
nal Tc of starting only with the motor (a solid line of 
SWI), but when the signal V of the preset vehicle speed 
is detected, selects the aimed torque signal Tt (dotted 
line of SW1) and outputs the signal Tt to the motor con- 
trol means 180. 

[0255] Therefore, with an internal combustion engine 
such as an engine, the driving output power is control- 
led by control of intake/exhaust of air for combustion of 
fuel, the fuel and so forth. (Depending upon the case, 
also control of the ignition timing, control of the com- 
pression ratio and/or so forth are performed.) 
[0256] Meanwhile, also the driving output power is dif- 
ferent depending upon use (when cold, hot), a variation 
of the environment (the external air tenrperature, the 
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atmospheric pressure or the like), an individual differ- 
ence or the like. 

[0257] In the motor of the generator-motor 172. the 
driving output power is controlled by electric input con- 
trol. 

[0258] Consequently, since the motor is controlled 
and driven by electric control (voltage, current, a fre- 
quency, a pulse and so forth) based on an electric signal 
from the torque sensor, a continuous and smooth run- 
ning driving power which is fast in response time and 
quick is obtained upon changing over or simultaneous 
use of the driving force of the vehicle. 
[0259] In this manner, with the controlling apparatus 
for a hybrid car according to claim 4. since it comprises 
the assist discrimination means for additionally using or 
changing over the driving output power of the generator- 
motor in response to the driving output power of the 
engine, even during regeneration control, the running 
driving torque which exhibits a short response time and 
is quick can be kept stably 

[0260] FIG. 36 shows a control flow diagram of torque 
amount feedback according to the present invention. 
[0261] FIG. 36 shows a control flow wherein the 
engine 182 is driven always in a fixed condition, and a 
variation of a driving output power IF by an actual run- 
ning condition of the vehicle, a use condition upon start- 
ing or the like, an individual unque characteristic and so 
forth of the engine 182 is detected by the torque sensor 
165 provided on the common output power shaft (pro- 
peller shaft) 173 mechanically connected to the engine 
182 and, when the accelerator signal amount A 
requested by the driver is not sufficient with the output 
power amount Te only of the engine 1 82, the motor sec- 
tion of the motor-generator 183 is driven so that the 
short amount is made up for with the driving output 
power Tm while the torque amount IF of the common 
output power shaft is always fed back. 
[0262] In S1 1 , the torque sensor 165 is provided on 
the common output power shaft (propeller shaft) 173 to 
which the engine 182 and the motor-generator 183 are 
mechanically connected, and the substantial driving 
output torque TP which drives the wheels is read in. 
[0263] Then, in 812, comparison between the aimed 
torque It based on the signal V from the vehicle speed 
sensor 1 62 and the signal A from the accelerator sensor 
164 and the substantial driving output torque TP at 
present is performed, and in the case of Tt = TF , the 
control advances to SI 3, but in the case of Tt 9^ TF, the 
control advances to SI 4. 

[0264] In SI 3, the aimed torque Tt and the substantial 
driving output torque TF at present are equal to each 
other. 

[0265] In this instance, the torque of the output driving 
torque Tm of the motor is maintained. 
[0266] This keeps fixed the signal Mc to be supplied to 
the motor section of the motor-generator 183 from the 
motor control means 1 80. 

[0267] Meanwhile, in SI 4, white the aimed torque Tt 



and the substantial driving output torque TF at present 
are not equal to each other, the substantial output 
torque TP at present with respect to the aimed toque Tt 
Is compared in magnitude, and in the case of Tt > TP. 

5 the control advances to SI 5. but in the case of Tt < TP. 
the control advances to S16. 
[0268] SI 5 is a case wherein the aimed torque Tt is 
higher than the substantial driving output torque TP at 
present, and increase of the output driving torque Tm of 

10 the motor is performed. 

[0269] This increases the signal Mc to be supplied to 
the motor section of the motor-generator 183 from the 
motor control means 180. 

[0270] Meanwhile, SI 6 is a case wherein the aimed 

15 torque Tt is smaller than the substantial driving output 
torque TP at present, and decrease of the output driving 
torque Tm of the motor is performed. 
[0271 ] This decreases the signal Mc to be supplied to 
the motor section of the motor-generator 183 from the 

20 motor control means 180. 

[0272] Or, generation is performed by the generator 
section of the motor-generator 183 to apply a braking 
force to the driving output torque TP. 
[0273] The invention provides a controlling apparatus 

25 for a hybrid car by which it can be arbitrarily selected 
depending upon a need of a driver whether hybrid run- 
ning should be running principally with an engine or run- 
ning principally with a generator-nfX)tor. 
[0274] To achieve this, a controlling apparatus for a 

30 hybrid car which comprises management control means 
120 which includes battery charge amount setting 
means 121, aimed rear wheel output power setting 
means 122, engine aimed output power calculation 
means 123, throttle aimed opening setting means 124, 

35 and mode discrimination means 1 25. 

Claims 

1 . A controlling apparatus for a hybrid car which con- 
40 trols driving of an engine (1 71) and driving of a gen- 
erator-motor (172) connected to a crankshaft (54) 
of said engine or a driving wheel (14) for outputting 
running driving force with power supplied from a 
batter (21), characterized in that 

45 

it comprises aimed torque calculation means 
(168) for calculating an aimed torque (Tt) 
based on an accelerator operation amount sig- 
nal (A) from an accelerator sensor (164) for 

50 detecting an accelerator operation amount of a 

driver and a vehicle speed signal (V) from a 
vehicle speed sensor (162) for detecting a 
speed of the vehicle, and torque detection 
means (166) provided at or downstream of a 

55 joining portion of driving output power of said 

engine (171) and said generator-motor (172) 
for detecting an actual torque, and it includes 
aimed opening means (169) for calculating an 
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aimed opening (6) based on an aimed torque 
signal (Tt) and an engine revolution signal (Pr), 
and 

said engine (171) is controlled based on an s 
aimed opening signal (0) from said aimed 
opening means (169) while said generator- 
motor (172) is controlled based on the aimed 
torque signal (Tt) and an actual torque signal 
CTf). ^0 

A controlling apparatus for a hybrid car according to 
claim 1 , characterized in that said engine includes a 
throttle, a pulser (178) for detecting a number of 
revolutions, engine revolution number detection is 
means (181) for detecting a number of revolutions 
of said engine from said pulser, and aimed opening 
calculation means (169) for calculation an opening 
of said throttle, and calculates, based on the aimed 
torque signal (Tt) and the aigine revolution number 20 
signal (N), a throttle opening (6). based on which a 
fuel injection amount is controlled, while said gener- 
ator-motor (183) includes a generator for generat- 
ing regeneration current by rotation from a drive 
shaft, and motor control means (180) for controlling 25 
a motor based on tiie aimed torque signal and the 
actual torque signal, and driving of said generator- 
motor (183) is controlled based on a driving control 
signal from said motor controlling means (180). 

30 

A controlling apparatus for a hybrid car according to 
claim 1 or 2, characterized in tiiat it comprises 
assist discrimination means (190) for additionally 
using or changing over tiie driving output power of 
said generator-motor in response to the driving out- 3S 
put power of said engine. 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 10 
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FIG. 11 
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FIG. 13 
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FIG. 14 
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FIG. 24 
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FIG. 31 
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